To explore the potential of assessments of stream geomorphic condition and habitat quality in evaluating lotic productivity, we investigated concordance of stream biotic productivity (aquatic macroinvertebrates, crayfish, fish, and belted kingfishers (Ceryle alcyon)) and their physical habitat correlates in 18 streams in the Champlain Valley, Vermont, USA. Pearson correlation analysis indicated significant concordance between macroinvertebrate density and fish biomass (r = 0.76), between the density of macroinvertebrates in the orders Ephemeroptera, Plecoptera, and Trichoptera and fish biomass (r = 0.81), and between fish biomass and kingfisher brood weight (r = 0.54). We used principal component analysis followed by linear regression to investigate relationships between physical habitat condition and biotic productivity and to identify key components of physical habitat condition assessments. Our analysis supported the combined use of geomorphic and habitat assessments as a comprehensive indicator of stream physical habitat condition. We found relationships between habitat assessment scores and productivity measures of all taxa except crayfish, suggesting similar responses to physical condition across trophic levels. Our results encourage the use of additional taxa, in addition to widely used macroinvertebrate metrics, as indicators of the composite effects of physical habitat impairment in stream ecosystems.
Introduction
The link between aquatic biota and their physical environment is widely recognized (Petts et al. 1995; Barbour et al. 1999; Montgomery 1999) . Both fish (Karr 1981; Deacon and Mize 1997; Sutherland et al. 2002) and macroinvertebrates (Kerans and Karr 1994; DeShon 1995; Yoder and Rankin 1995) are commonly used as indicators of stream ecological condition. Aquatic birds are also increasingly being used in assessing stream health (Bryce et al. 2002; Buckton and Ormerod 2002; Sullivan et al. 2007 ). Because of their apex trophic position and dependence on aquatic resources, belted kingfishers (Ceryle alcyon) are particularly susceptible to changes in stream condition (Sullivan et al. 2006a) . Primarily feeding on fish of 11-13 cm in length and using crayfish as a supplemental food source, belted kingfishers (hereafter, ''kingfisher'') require in-stream habitat that supplies sufficient food resources both in and out of breeding season (Brooks and Davis 1987; Hamas 1994) .
Whereas many studies commonly focus on one taxon, using multiple taxa may produce additional ecological understanding through examination of interactions of different assemblages with the physical environment (Jackson and Harvey 1993; Allen et al. 1999; Wright and Li 2002) . As human activities continue to place ecological systems under stress, consideration of various assemblages will also provide information regarding the relative vulnerability of these taxa to habitat changes. Biological productivity (measured as production per unit area; Walters et al. 1997 ) is a straightforward measure of relative ecosystem health that can be expected to reflect both the quality and availability of environmental resources (Lowe et al. 1986; Bjornn and Reiser 1991; Garman and Moring 1993) , as well as imbalances in the trophic structure of aquatic communities (Kawasaki 1992; Nickelson et al. 1992; Welcomme 1995) . Although food web theory predicts trophic level connectivity (Polis and Winemiller 1996; Pimm 2002) , both natural and human disturbances alter stream ecosystems in ways that restructure these connections and may differentially affect individual trophic levels (Power et al. 1996; Townsend and Riley 1999; Lake 2000) . Our goal was to investigate how composite geomorphic and habitat assessments may relate to similarities (or differences) in productivity across trophic levels. We recognize that some differences among stream ecosystems are not captured by these assessment measures, including differences in basic water chemistry and water quality among sites.
In this study, we investigated (i) concordance of biotic productivity of aquatic macroinvertebrates, crayfish, fish, and kingfishers (i.e., degree of agreement in patterns of productivity of each taxon) and (ii) how stream physical habitat (measured using a combination of geomorphic and habitat assessment protocols) related to the observed concordance. Our null hypothesis was that we would see no concordance in productivity across the four taxa.
Materials and methods
As part of a larger study of the links between geomorphic condition and kingfisher reproductive ecology, we measured breeding territory length and brood weights at a suite of stream reaches in Vermont's Champlain Basin (Sullivan et al. 2006a) . During the reproductive season, both male and female kingfishers actively defend their breeding territories and have been shown to reverse direction at the end of their territory and return to the middle when followed (Davis 1982) . Therefore, we were able to measure the breeding territory length of each pair by walking along the stream, flushing the resident kingfishers to fly ahead of the observer. We flagged the upstream and downstream boundaries of each territory. Because territories follow the stream's longitudinal course, we measured the territories in length (metres) instead of area. Lateral boundaries were determined by the tree line along the edge of the channel.
Study area
In 2002 and 2003, we conducted our investigation relating to concordance patterns of biotic productivity at 18 kingfisher breeding territories. These territories were designated as our study reaches and, from north to south, spanned a distance of approximately 140 km.
The study reaches represented a range of physical characteristics and conditions (Table 1) , but were located in areas with similar landform and elevation. Reach length varied from 638 to 2908 m. All streams were second to fifth order, and most were in the transfer zone (Schumm 1977 ) of the watershed. The specific measures of stream geomorphology and habitat quality varied significantly from site to site (Table 1) , providing a range of conditions suitable to test our hypothesis.
Vermont's Champlain Basin is dominated by forest (64%), followed by agriculture (16%), open water (10%), urban areas (6%), and wetlands (4%) (Lake Champlain Basin Program (LCPB) 2004) . Because of this land-use pattern, physical disturbance and sedimentation comprise the primary human impacts on area streams. Discharge of pollutants in Vermont streams is also an issue in some locations, but none of the study reaches received significant point-source discharges or were listed as impaired by any specific pollutants (including pH) under Section 303d of the US Clean Water Act. Anthropogenic activities leading to removal of riparian vegetation, hydrologic modifications, floodplain encroachments, channel straightening, and streambank erosion are thus the principal causes of changes in stream condition at our study reaches and in most of Vermont (Vermont Department of Environmental Conservation (VTDEC) 2001).
Physical habitat condition: geomorphic and habitat assessments
At all reaches, we conducted field geomorphic and habitat condition assessments following the Vermont Department of Environmental Conservation's protocols (VTDEC 2003) , and supplemented these with additional parameters (Sullivan et al. 2004) .
The Vermont Rapid Geomorphic Assessment (RGA) is a field-based, stream assessment methodology with a geomorphic evaluation, a channel evolution model (Schumm et al. 1984) , and a stream classification using the Rosgen (1994) and Montgomery and Buffington (1997) systems. We characterized each stream reach following the guidelines established by the Vermont RGA and Assessment Field Notes and assigned a score from 0 (worst condition) to 20 (optimal condition) for each of four geomorphic adjustment processes: channel degradation (incision), channel aggradation, overwidened channel, and change in planform (VTDEC 2003) . The scores from these four categories were then aggregated to form the composite or overall RGA score. Additional geomorphic measures included bankfull width, maximum depth, flood prone width, mean depth, and meander pattern following Rosgen (1994) and VTDEC (2003) geomorphic assessment protocols.
Assessments of habitat quality were based on the Vermont Rapid Habitat Assessment (RHA) protocols (VTDEC 2003) . The Vermont RHA is derived from the US Environmental Protection Agency's Rapid Bioassessment protocols (Plafkin et al. 1989; Barbour et al. 1999) and is principally aimed at capturing simplification of habitat diversity across the reach. Specifically, we evaluated epifaunal substrate and available in-stream cover (i.e., structures on the streambed that provide habitat and cover), degree of embeddedness (i.e., amount of surface area of cobbles, boulders, snags, and other stream-bottom structures covered with sand and silt), representation of a heterogeneous mixture of velocity and depth regimes (i.e., diversity of flow patterns), amount of sediment deposition, status of channel flow (i.e., degree to which the channel is filled with water), degree of channel alteration (e.g., berms, dredging, straightening, and streambank armoring), frequency of riffles, bank stability, vegetative protection (i.e., amount of vegetative protection on the streambank and in the near-stream portion of the riparian zone), and the width of the riparian vegetative zone. We evaluated these parameters through field assessments following the guidelines and indicators of the Vermont RHA (VTDEC 2003) for each category. From these assessments, we assigned each habitat parameter included in the RHA a value from 0 to 20. When aggregated, these individual scores yield an overall habitat evaluation ranging from 0 to 200. Higher assessment values indicate better habitat conditions.
To adjust for differences in maximum scores (i.e., habitat assessment, maximum score = 200 points; geomorphic assessment, maximum score = 80 points), we recalculated scores for each metric based on a 100-point maximum score and then summed the two, equally weighted assessment scores. For input into our statistical analyses, we combined the geomorphic and habitat assessment scores into a physical habitat condition (PHC) score.
Biological assessment metrics commonly include physical characteristics that contribute to multiple categories within the calculated index (Karr 1981; Lyons et al. 1995; Barbour et al. 1999 ), leading to a degree of redundancy among the variables. However, based on their widespread use in habitat and geomorphic metrics, we included all variables. Additionally, whereas one variable may target current condition, a related variable may target mechanism or function.
Biotic sampling
Our measures of biotic productivity consisted of macroinvertebrate assemblage density, density of EPT (Ephemeroptera, Plecoptera, and Trichoptera) orders, crayfish assemblage biomass and density, fish assemblage biomass and density, and kingfisher clutch size and brood weight at fledging.
Kingfishers
During the 2002 and 2003 reproductive seasons, we counted the number of eggs after incubation began. We then visited kingfisher nests every second or third day until the eggs hatched. After hatching, we weighed and banded each nestling with US Fish and Wildlife Service bands. Nestlings were subsequently weighed at six to seven days and every fourth day thereafter until fledging (Sullivan et al. 2006a ).
Aquatic macroinvertebrates
We collected macroinvertebrates from the beginning of July to mid-August, sampling at six locations per reach. Our primary criterion was to proportionally represent the composition of flow habitats (e.g., riffles, runs, pools) of the reach at large (e.g., for a reach comprised of 50% run and 50% riffle, three sampling locations in run habitat and three in riffle habitat would be selected). To the degree possible, we distributed sampling locations at equidistant incre- 
Note:
Stream order based on US Geological Surveys 1 : 24 000 topographic maps. Watershed zone based on Schumm (1977) . Sinuosity is based on meander pattern where low is <1.2, moderate is 1.2-1.5, and high is >1.5. Reach lengths are based on kingfisher breeding territories. PHC, physical habitat condition. ments along the reach length. Organisms were collected using a 600 cm 2 Surber sampler with a 500 mm mesh net by disturbing the substrate and scraping larger rocks for 90 s intervals. Samples were preserved in 70% ethanol. In the laboratory, the entire sample was sorted, counted, and identified to order using Merritt and Cummins (1996) as a guide.
Fish and crayfish
To reflect the flow composition of the overall reach, we selected three to five sampling locations representative of the flow habitats (VTDEC 2004; Sullivan et al. 2006b ). We varied the number of sampling locations in proportion to the reach length so that 12%-18% of the wetted area of each reach was sampled, giving us a consistent and proportional sampling effort at each reach. Both preliminary work conducted in the region (pre-study) and other investigations (Patton et al. 2000; Magalhaes et al. 2002 ) indicated that we were approximating an appropriate effort required to produce a representative assemblage. Using dipnets and a 1.22 m Â 12.19 m bag seine with 3.175 mm mesh weighted with lead lines to prevent fish and crayfish from escaping, we sampled fish and crayfish at each selected location, combining all samples from each reach to characterize the fish and crayfish assemblages. We counted all fish and crayfish, using these data to generate density estimates; and we weighed all crayfish, basing biomass estimates for crayfish on these data. For fish assemblage biomass estimates, we used an in-field fixed-count subsampling protocol (Plafkin et al. 1989; Growns et al. 1997 ) modified for fish, randomly selecting a subsample of 150 individual fish from each collection location at each study reach. We weighed the 150 fish in each subsample to the nearest 0.1 g and based assemblage biomass estimates for fish on the 150-fish subsamples (Sullivan et al. 2006b ).
Numerical and statistical approaches
For each reach, total macroinvertebrate assemblage density and EPT density were generated by calculating the mean number of individual insects from the six Surber sample collections, which yielded the number of insects per square metre Â 10 -3 . Density estimates for fish and crayfish were based on total number of individuals per total cubic metres sampled. Using calculations of mean individual weight from the fish subsamples and the total number of fish caught per cubic metre, we calculated the total reach biomass for fish.
We performed Pearson correlations on the productivity measures of the four assemblages to isolate concordant patterns and followed this with principal component analysis (PCA) on the correlations (see Allen et al. 1999) . We also performed PCA on all individual geomorphic and habitat assessment categories that contributed to the PCH score (see Table 2 , italicized variables). In both cases, we retained PCA axes with eigenvalues > 1 (Snedecor and Cochran 1967; Rencher 1995; Walters et al. 2003) .
We then built models in stepwise linear regression using (i) the retained PCA axes of biological productivity as response variables, and (ii) PHC score, stream order, bankfull width, mean depth, and the retained PCA axes of physical characteristics as predictor variables. Because one of our primary goals was to understand the composite effects of combined habitat and geomorphic characteristics on biotic productivity, we input PHC score as an individual variable. Stream order, bankfull width, and mean depth were also kept as individual variables because we considered a priori that these variables might be of particular importance in affecting biotic productivity. Variable additions proceeded until the F statistic for the change at the step fell below the p < 0.05 significance threshold.
We considered using individual metrics of biotic productivity and physical habitat directly in multiple regression models. However, we selected PCA because it allowed us to analyze the effects of physical habitat on concordant patterns of biotic productivity versus on a taxon-by-taxon basis and because of its ability to reduce the number of physical habitat variables and identify the most important gradients among them (Rencher 1995) .
We performed all statistical analyses using JMP 1 5.0 Statistical Discovery Software (SAS Institute Inc., Cary, North Carolina). When necessary, transformations (log(x + 1), x 2 , x 3 , x 1/3 ) were used to normalize data and eliminate heteroscedasticity prior to analysis (Snedecor and Cochran 1967; Zar 1984) . Potential outliers were identified and removed using Cook's D (Kleinbaum et al. 1998 ). We identified one outlier in fish biomass at Lewis Creek C.
Results

Correlation analysis
Analysis of concordance among productivity measures revealed a number of significant correlations (Table 3) : density of the overall macroinvertebrate community was strongly correlated with fish community biomass (r = 0.76, p = 0.0003), as was the density of the EPT orders (r = 0.81, p = 0.0001); fish community biomass was positively correlated with kingfisher brood weight at fledgling (r = 0.54, p = 0.030) and weakly correlated with kingfisher clutch size (r = 0.42, p = 0.093). We also observed a weak relationship between macroinvertebrate density and kingfisher brood weight (r = 0.41, p = 0.103). We found no correlation between crayfish biomass or density and any other taxonomic productivity measure. Although we did not find complete concordance of biotic productivity among the four taxa, we did reject the null hypothesis of no concordance of biotic productivity.
Principal component analysis
Concordance of productivity
The PCA of the eight productivity measures identified three axes (Prod1, Prod2, and Prod3) with eigenvalues > 1 (Table 4) . Prod1 explained about 50% of the variance and represented the dominant pattern of productivity among the taxa. Whereas fish biomass (r 2 = 0.84) and macroinvertebrate density (r 2 = 0.76) had the highest correlations with this axis, all but crayfish biomass (r 2 = 0.05) and crayfish density (r 2 = 0.01) had correlations greater than 0.50.
The second principal component (Prod2) captured about 24% of the taxonomic covariation that remained. Crayfish biomass (r 2 = 0.84) exerted the greatest influence on this axis (Table 4) . Prod3 was most strongly associated with kingfisher brood weight, but with an r 2 of only 0.23 (Table 4) .
Influences of PHC categories
Scores from 14 categories combined to form the PHC score (Table 2 , italicized variables). The PCA on these physical habitat categories yielded four principal components (PH1, PH2, PH3, PH4) with eigenvalues > 1 (Table 5) .
PH1 had all positive loadings (Table 5 ). All but three of the categories (incision, velocity/depth, and planform) had correlations greater than 0.35. PH2, in contrast, was highly correlated with incision and had moderate correlations with embeddedness and velocity/depth regime. PH3 was defined by generally low correlations, with planform (r 2 = 0.46) and velocity/depth (r 2 = 0.42) wielding a markedly higher influence on this axis than any other categories ( 0.15).
Regression models
Our two-phase model-building effort produced two viable models (A and B) ( Table 6 ). In the first phase, we sought to identify concordant biotic productivity responses to the overall PHC score as well as to select stream characteristics. The PHC score had a strong positive association with Prod1 (model A). However, none of the other environmental predictors (i.e., bankfull width, mean depth, stream order) was significant in the model. Neither the PHC nor any of the individual measures of physical habitat had a significant linear association with either Prod2 or Prod3.
The second phase was aimed at understanding which of the PHC variables (represented by physical habitat PCs) influenced biotic productivity. Of the physical habitat PCs, only PH1 contributed to a significant model (B ; Table 6 ). In model B, 59% of the variance in Prod1 was explained by PH1. This model suggests that productivity of all taxa except crayfish was influenced by the PHC categories. Bank stability, channel aggradation, and the availability of epifaunal substrate and cover appear to be among the most important physical characteristics influencing biotic productivity of macroinvertebrates, fish, and kingfishers; productivity was least influenced by channel incision, channel planform adjustments, and velocity/depth regimes.
Discussion
Although habitat assessments have been well developed (Platts et al. 1983; Plafkin et al. 1989; Barbour et al. 1996) and are widely used (DNRE 1997; McMillan 1998; Raven et al. 1998 ) in assessing stream biotic condition, the influence of geomorphic condition in conjunction with habitat condition may be underappreciated. By combining coordinated habitat and geomorphic assessments into a more comprehensive physical habitat condition score, we were able to uniquely explore associations with concordant patterns of stream biotic productivity.
Concordance of biotic productivity
For the most part, our observations support expected trophic links. The positive correlation that we observed between macroinvertebrate density and measures of fish community productivity affirm the dependence of many fish species on macroinvertebrate abundance (Kilgour and Barton 1999; Huryn and Wallace 2000; Imre et al. 2004 ), particularly on the larger-bodied EPT taxa. Likewise, our results show that kingfisher productivity is tightly linked to fish productivity, as supported by Cornwell (1963) , Davis (1980), and Prose (1985) . Although kingfishers have been reported to feed directly on some aquatic insects (Salyer and Lagler 1946; Davis 1982) , the weak association that we found between macroinvertebrate density and kingfisher brood weight likely suggests indirect linkages (through fish) between macroinvertebrate and kingfisher productivity.
Crayfish were found at only nine of the 18 reaches, with no distinct physical features clearly associating with crayfish presence. Their limited distribution may partly explain the lack of concordance observed between crayfish and other taxa, suggesting that crayfish are patchy components of stream food webs. In fact, this is the case with kingfishers in particular, which tend to feed on crayfish when fish are inaccessible because of water depth or turbidity (Davis 1980 ).
Regression models: A
Fish biomass and macroinvertebrate density were the most influential measures on Prod1, which was the salient axis in the PHC model (model A). PHC, the composite score of all habitat and geomorphic metrics, explained 67% of the variance observed in Prod1. The results from this model support the growing use of both habitat and geomorphic assessments in evaluating stream condition. Although we did not measure additional factors such as biotic interactions, energy exchanges, and water chemistry or quality, these may explain additional variance in our models.
Among in-stream biotic assemblages, changes in stream fish biomass are generally the last changes in a progression of impairments in community composition and structure (Schindler 1987; Kilgour and Barton 1999) . Given the demonstrated trophic link between fish and macroinvertebrates, we can infer that impacts from physical condition first affect the macroinvertebrate community, followed by fish and then kingfishers.
Kingfisher clutch size and brood weight, both key measures of reproductive output, loaded onto and highly correlated with Prod1, although not as strongly as fish biomass and macroinvertebrate density. Although kingfishers likely cue into stream features that correlate with fish abundance and availability (Davis 1982 , Sullivan et al. 2006a , unlike fish and macroinvertebrates, kingfishers can forage outside the stream channel and feed in floodplain waterbodies and other lateral habitats (Hamas 1994) when necessary. This plasticity in feeding behavior, as well as their high degree of mobility, likely explains why measures of kingfisher productivity were not as tightly tied to PHC scores as were macroinvertebrate density or fish biomass. Table 3 . Pearson product-moment correlations among productivity measures of the four taxa. Note: *, significance at 0.10; **, significance at 0.05.
Crayfish, too, have the physiological and behavioral capacity to move into and out of the stream channel. Their weak, negative association with Prod1 and, therefore, with PHC scores suggests that this mobility, combined with a generalist feeding strategy and resilience to environmental stressors (Crocker and Barr 1968; Momot et al. 1978) , may make them less vulnerable to habitat impairment than other taxa.
Fish density was less influential on Prod1 and, therefore, not as sensitive to changes in habitat and geomorphic conditions, likely because density may remain fairly constant in spite of changes in community composition (e.g., habitat generalists supplanting sensitive species) in impaired reaches. Similar findings are reported by Sullivan et al. (2006b) .
Regression models: B
The second phase of our analysis addressed the individual contribution of each geomorphic or habitat metric to the overall PHC score and, ultimately, to biotic productivity. Loadings of equal value for each category (e.g., PHC metric) in PH1 would suggest that all categories exerted an equal influence on this PC axis. Because PH1 explained 67% of Note: Principal components in bold type indicate those that were significant predictors in the regression models. Channel incision had a markedly lower correlation (r 2 = 0.09) with this PC axis than any other variable, indicating that more than any other factor, channel impairment in the form of channel degradation did not affect biotic productivity. Channel incision is characterized by a lowering of the channel bed elevation through scour and often manifests in the form of regulated flows, chute cutoffs, inactive floodplains, and abandoned terraces. In our study, among the four types of channel adjustment evaluated (i.e., incision/ degradation, aggradation, widening, planform change), we saw the smallest range in degrees of incision, spanning only 11 points (all other categories had at least a 15-point spread). This, in combination with the fact that the majority of incised sites in our study area were historically channelized (VTDEC 2001) and are currently readjusting and no longer down-cutting, likely mask some of the negative effects of channel incision on aquatic biota that are well documented (James 1991; Toth et al. 1998; Sullivan et al. 2006a) .
Both categories relating to riparian vegetation (riparian vegetation zone width (i.e., extent of riparian zone -buffer width) and vegetative protection (i.e., streamside vegetationstreambank coverage, native vs. non-native, number of canopy layers, disturbance)) contributed virtually equally to PH1. In spite of the important contribution of allochthonous inputs to stream productivity (Vannote et al. 1980; Mantel et al. 2004) , the contribution of the these riparian vegetation PHC categories influenced biotic productivity to a similar extent as did most other categories. It is possible that a threshold level of allochthonous inputs exists, only below which losses in biotic productivity are readily detectable. All of our stream reaches were located in riparian corridors that were characterized by a roughly even mixture of mixed deciduous-coniferous forest and open land (e.g., wet meadow, pasture, fallow land, etc.). This lack of a strong gradient of riparian vegetation and cover could have resulted in allochthonous inputs at all our reaches above this threshold amount.
The two most influential PHC categories influencing biotic productivity were bed aggradation and bank stability. High width to depth ratios, partial riffles and runs, midchannel bars, and chute cut-offs and channel avulsions are common features of aggrading reaches. In our reaches with little evidence of aggradation, we also tended to find limited sediment depositions in pools, low levels of embeddedness (i.e., amount of fine sediment surrounding gravel, cobbles, and boulders), and normal channel flows with water reaching the base of both lower banks during the low-flow period (August-September). Our results are not only in line with numerous other studies that report retarded macroinvertebrate and fish communities in streams with high sediment levels (Jones et al. 1999; Sutherland et al. 2002; Mol and Ouboter 2004) , but also take these findings one step further to demonstrate effects on semi-aquatic birds as well.
Reaches with compromised bank stability act as a point source for sediment input and contribute to bed aggradation. In contrast, a reach with good bank stability is characterized by minimal or absent erosion of bank failure with less than < 5% of the bank affected (VTDEC 2003) .
Overall, our current results support the crucial role that physical habitat condition plays in stream ecosystems (Ward and Stanford 1979; Calow and Petts 1994) and provide new evidence regarding its role in governing reach-level faunal productivity. All categories that formed part of our PHC score contributed to some extent in explaining biotic productivity, although some were more influential than others. Bed aggradation was of particular importance and of notable applied significance given the ubiquitous increase in stream sediment loads due to timber harvest, road construction, and other human activities.
Although geomorphic assessments are currently used to investigate and understand watershed condition, develop and implement watershed management plans, prioritize stream reaches for restoration, and design subsequent restoration efforts (Gellis et al. 2001; VTDEC 2001; King and Day 2002) , our results suggest that they will be vastly more informative and ecologically relevant when used in conjunction with habitat assessments. Together, these assessments provide a useful and cost-effective evaluation of stream physical habitat that is biologically important.
Although there is an implicit assumption in many assessments that impacts on benthic macroinvertebrates can also predict those on other aquatic organisms (Kilgour and Barton 1999) , our results only partially support this conclusion. Overall, we found that macroinvertebrates, fish, and kingfishers were linked trophically and shared similar associations with physical habitat condition. Crayfish, however, appeared to be independent of these connections. Our results suggest that the response of biotic productivity to physical habitat changes in streams is complex, with purely aquaticobligate organisms correlating most strongly with physical habitat condition. Given our increasing recognition of stream-riparian connectivity, as well as recognition of the stream and its corridor as an integrated ecological unit (Nakano and Murakami 2001; Baxter et al. 2005; Sullivan et al. 2007 ), our results indicate that physical habitat assessments that include more riparian, floodplain, and other lateral habitat metrics may be effective at capturing stream ecosystem condition.
We also have provided evidence that multitaxonomic approaches may be critical in assessing the physical condition of lotic systems. In particular, higher-level trophic taxa such as fish and even piscivorous birds may complement existing macroinvertebrate metrics by better representing realized differences in grain size and spatial scale (Roth et al. 1996; Finlay et al. 2002; Wright and Li 2002) and the bottom-up effects of resource availability (Power 1992; Polis and Winemiller 1996) . Community structural aspects and mechanistic links, in addition to complete food webs, must also be explored to fully evaluate how physical habitat condition affects stream biotic productivity. 
